The study investigated the effect of soil application of neem at different concentrations on lifetable parameters of Myzus persicae (Sulzer) (Hemiptera: Aphididae). After pepper seedlings were transplanted to pots of 1.5 L, the pepper plants had been divided into five different groups to be watered with only irrigation water (as control) and irrigation water containing 250, 500, 750 and 1000 mg L -1 of neem.
Introduction
The green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Aphididae) which is a polyphagous pest has more than 400 host plants (Cloyd & Sadof 1998) . This pest causes damage on different stone fruit species, especially peach, and on many vegetable species such as tomatoes, pepper, potato, cabbage, pumpkin, and okra. It also feeds on lots of weeds as well (Uygun et al 2013) .
M. persicae causes curling downwardly of the end portions of leaves, deceleration of the host plat growth and dark-colored sooty mold, known as fumagine, by honeydew secreted during feeding on the host plant. It is also know that this insect is a vector of more than 86 plant virus diseases (Cloquemin et al 1990) .
Chemical control is primarily preferred in controlling the pest because of its easy application and rapid responding. These chemicals have many adverse effects on human health and environment, which led producers to use alternative control methods (Bajwa & Ahmad 2012) . In this context, one of the alternative control methods against pests is also the use of plant-based preparations.
Natural products with pesticidal effects have been in the control of weeds, plant diseases and pests since ancient times (Isman 1997; Ujváry 2001) . One of these plant-based insecticides is the compound derived from various parts of Azadirachta indica A. Juss (Meliaceae), also known as neem.
Neem-containing products are effective against more than 400 species of insects. Neem has antifeedant and lethal effects, in addition to its effect on metamorphosis of insects. Also, it can affect eggs and fecundity of the pests (Isman 1997; Waghmare et al 2007) . Neem-containing products may have slightly phytotoxic effect on some plants (Walter 1999; Girish & Shankara Bhat 2008; Saha et al 2011) . It is known that more than 550 pest species have become resistant to synthetic pesticides. The control of these pests may be possible with neem-containing products (Ascher 1993; Bajwa & Ahmad 2012 ).
This study examined the effect of soil application of neem at 250, 500, 750 and 1000 mg L -1 concentrations on some biological characteristics, such as the time of development, preoviposition, oviposition, postoviposition and adult life, and the rates of survival and fecundity of M. persicae. Additionally, age-specific survival and fecundity rates of individuals on plants exposed to neem at different concentrations were described by the Weibull frequency distribution and the Enkegaard regression models.
Material and Methods

Insect and plant breeding
Pepper seedlings were transplanted to pots of 1.5 L, containing a mixture of peat and sterilized soil in ratio of 1:1. Afterwards, the pots with pepper seedlings were divided into five different groups to be watered with only irrigation water (as control) and irrigation water containing 250, 500, 750 and 1000 mg L -1 of neem (NeemAzal ® -T/S). All plant groups were simultaneously watered every 3-4 days. None of fertilizers and other pesticides was applied for the plants. When the plants reached the 5-6 cm height, three plants randomly selected from each plant groups were infected separately with 10 apterous female aphids by a fine paintbrush. The first offspring of these female aphids were the mother individuals, of which life table parameters were determined. 
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The studies of insect and plant breeding were conducted in controlled climate room conditions at 25±1 ºC temperature, 60±5% relative humidity and 16:8 h photoperiod. All plant groups exposed to neem at different concentrations were arranged in a completely randomized pot design.
Experimental establishment
Fifteen individuals randomly and separately selected from the first offspring born within 24 hours on each plant groups were used in the experiments on life table. Each of these 15 individuals was separately put on pepper leaves in petri dishes at the base of which located a thin damp sponge and blotting paper, using a fine paintbrush. Thus the experiment was set, so that 15 replications for each plant groups exposed to neem at different concentrations. Pepper leaves in petri dishes were renovated when considered necessary. Parameters of development time, survival rate, times of preoviposition, oviposition and postoviposition, and longevity during the experiment were observed. Also, after numbers of offspring given by adult females were recorded daily, offspring individuals were removed from the petri dishes. The experiment which continued until death of all individuals was conducted in a climate chamber at 25 ºC temperature, 60% relative humidity and 16:8 h photoperiod (light:dark).
Life table and statistical analysis
After recording the data on daily basis, the following parameters of the age-specific life table of M. persicae reared on plants exposed to neem at different concentrations were calculated by using RmStat-3 (Özgökçe & Karaca 2010) .
The age-specific survival rate (l x ) and fecundity rate (m x , offspring/female/day) which is computed by multiplying the mean number of offspring by the sexual ratio (Birch 1948) , Net reproductive rate ( ) (female/female), i.e. the mean number of offspring which are laid by a female in her lifetime (Birch 1948) ,
Intrinsic rate of increase (r m , female/female/day) by taking advantage from Euler-Lotka equation ( ) (Birch 1948) , Mean generation time (day), (Birch 1948) ,
Gross reproduction rate, (Birch 1948) ,
Finite rate of increase (individual/female/day), (Birch 1948) ,
Theoretical population-doubling time (day), (Kairo & Murphy 1995) ,
Reproductive value (female/female), (Imura 1987) 
Where; x is the female's age in days; e is Euler's number which is a mathematical constant (approximately equal to 2.71828).
Pseudo-r mj values of the intrinsic rate of increase (r m ) values computed on the data obtained from these populations, in order to be used in comparison test, were calculated according to the jackknife resampling method (Meyer et al 1986; Özgökçe & Atlıhan 2004 ) and then, Tukey multiple comparison test (Tukey 1949 ) was applied after One-Way Two-parameter Weibull distribution model was used to describe age-specific survival rate (l x ) of individuals on plants exposed to neem at 250, 500, 750 and 1000 mg L -1 concentrations (Deevey 1947; Pinder et al 1978; Tingle & Copland 1989; Wang et al 2000) . The parameters of this distribution model were calculated according to the following formula:
Where; S p (x) is the probability of survival at x age; x is the female's age in days; b is a scale parameter and c is a shape parameter. The shape parameter of the curve belonging to the agespecific survival rate c>1, c=1 or c<1 correspond to Deevey's (1947) type I, II or III survivorship curves, respectively (Pinder et al 1978) .
Description of the age-specific fecundity rate (m x ) of apterous adult females on plants exposed to neem at 250, 500, 750 and 1000 mg L -1 concentrations was performed by Enkegaard regression model (Enkegaard 1993; Hansen et al 1999) . (8) Where; F(x) is the probability of fecundity at x age (female/female/day); x is the female's age in days; a and b are constant parameters; e, Euler's number which is mathematical constant (approximately equal to 2.71828).
The parameters and the coefficients of determination (R 2 ) in both models were obtained using SigmaPlot ® (Version 11.0, Systat Software, Inc., San Jose California, USA) package program.
Results and Discussion
Development and adult longevity
The durations of development and lifespan of Myzus persicae on plants exposed to 250, 500, 750 and 1000 mg L -1 neem concentrations are given in Table 1 . According to these results, duration of all immature stages increased in response to the rise of exposure neem concentration. However, the adult lifespan decreased inversely with increasing concentrations (Table 1) .
Neem increased significantly the development period of Aphis glycines (Hemiptera: Aphididae) in a study by Kraiss & Cullen (2008) investigating the effect of neem-based insecticides on A. glycines and one of its predators. Silva et al (2013) studied the sublethal effects of the extracts derived from Azadirachta indica to Ceratitis capitata (Diptera: Tephritidae). The results of the study showed that the adult lifespan was decreased by the extracts. In addition, preoviposition time was not affected; however, a reduction in the number of eggs laid per day occurred.
Age-specific survival rate
The age-specific survival rate (l x ), fecundity rate (m x ), and reproductive value (V x ) of M. persicae exposed to neem at different concentrations are given in Figure 1 .
The individuals exposed to 250 mg L -1 showed higher reproductive value, such as those in the control group, compared to the individuals exposed to higher concentrations of neem. 46.7% of the individuals in the control group, 60.0% of the individuals exposed to 250 mg L -1 and all individuals exposed to higher concentrations of neem died up to the 30 th day. Kraiss & Cullen (2008) suggested that the mortality rate of A. glycines nymphs exposed to neem-based insecticide reached up to 77-80% and the development time of surviving individuals was also elongated.
Di Ilio et al (1999) established 5 different experimental groups, with liquid rearing diet only (as positive control), no food (as negative control), neem only (20 μL mL -1 ), neem:food (1:1 mixture) and neem:food (2:1 mixture) researching the efficacy of neem compounds on longevity and fecundity of Ceratitis capitata adults. The study revealed that longevities of adults were 22.9 days in the positive control group, 15.9 days in the neem:food (2:1 mixture) group, 15.2 days in the neem:food (1:1 24 (2018) 256-268 260 mixture) group, 6.5 days in the negative control group and 4.4 days in the group where only neem (20 μL mL -1 ) was used.
Di Ilio et al (1999) has also explored the effect of 1:1 ratio mixtures of neem solutions at 1, 5, 10 μL mL -1 concentrations with liquid rearing diet. In this experiment, 1:1 ratio mixture of distilled water with liquid rearing diet was used as control. According to the data obtained from this experiment, the longevities of adults were 24.7 days in the control group, 20.1 days in the group used 1 μL neem, 9.4 days in the group used 5 μL neem and 4.0 days in the group used 10 μL neem.
The best survival curves for apterous adult females on plants exposed to neem at different concentrations were described by the two-parameter Weibull distribution according to the age-specific survival rates (l x ) (Figure 2 ). 
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Based on the Weibull distribution models' parameters b (scale) and c (shape), and coefficients of determination (R²), it is possible to say that the individuals exposed to 1000 mg L -1 neem have the type 3 life curve, that is the type of decreasing population, and the age-specific survival rates (l x ) of the individuals from other groups fit the type 1 life curve, that is the type of increasing population. Moreover, the Weibull distribution model for the age-specific survival rates (l x ) did not show any compatibility to the data obtained from the individuals exposed to 1000 mg L -1 . However, the Weibull distribution model was also found to be highly compatible with the data obtained from individuals in other groups (Figure 2 ). The very low coefficient of determination (R²= 0.4601) in the Weibull distribution model for the individuals exposed to 1000 mg L -1 is thought to be due to the high mortality rate and very short lifespan of adults in this group.
Fecundity
Mean daily and total number of offspring laid by females exposed to 250, 500, 750 and 1000 mg L -1
Age-specific survival rate
The age-specific survival rate (lx), fecundity rate (mx), and reproductive value (Vx) of M. persicae exposed to neem at different concentrations are given in Figure 1 .
Figure 1-The age-specific survival rate (lx), fecundity rate (mx), and reproductive value (Vx) of Myzus persicae exposed to neem at different concentrations The individuals exposed to 250 mg L -1 showed higher reproductive value, such as those in the control group, compared to the individuals exposed to higher concentrations of neem. 46.7% of the individuals in the control group, 60.0% of the individuals exposed to 250 mg L -1 and all individuals exposed to higher concentrations of neem died up to the 30 th day. Kraiss & Cullen (2008) suggested that the mortality rate of A. glycines nymphs exposed to neem-based insecticide reached up to 77-80% and the development time of surviving individuals was also elongated.
Di Ilio et al (1999) established 5 different experimental groups, with liquid rearing diet only (as positive control), no food (as negative control), neem only (20 μL mL -1 ), neem:food (1:1 mixture) and neem:food (2:1 mixture) researching the efficacy of neem compounds on longevity and fecundity of Ceratitis capitata adults. The study revealed that longevities of adults were 22.9 days in the positive control group, 15.9 days in the neem:food (2:1 mixture) group, 15.2 days in the neem:food (1:1 mixture) group, 6.5 days in the negative control group and 4.4 days in the group where only neem (20 μL mL -1 ) was used.
Di Ilio et al (1999) has also explored the effect of 1:1 ratio mixtures of neem solutions at 1, 5, 10 μL mL -1 concentrations with liquid rearing diet. In this experiment, 1:1 ratio mixture of distilled water with liquid rearing diet was used as control. According to the data obtained from this experiment, the Table 2 . According to the obtained results, mean daily and total number of offspring laid by females of the pest decreased with the increasing concentrations of neem (Table 2) . Kraiss & Cullen (2008) reported that the decrease of the fertility in A. glycines individuals exposed to neem-based insecticides was observed. Bhardwaj & Ansari (2015) pointed out that neem, compared to the control, has a significant impact According to the results of this study, egg production of a female lepidopteran in its life was 300 eggs in the control group. The fecundity rate in the individuals exposed to neem at 0.70, 1.10, 1.50 and 1.90 mg/individual was 229, 188, 166 and 148 eggs/female, respectively. Hatching rate of these eggs, as compared to that of the control, were 88%, 75%, 63% and 46%, respectively. The adult emergency rates were calculated as 80%, 70%, 61% and 37%, respectively in those studies. Besides that, A. indica was reported in a study by Silva et al (2013) to have an impact on the fecundity of C. capitata, too. It is announced in this study that the number of eggs laid by females at the 8 th day after the application of the extract derived from branches of A. indica in dichloromethane was reduced in proportion of approximately 80%, and the hatching rate was decreased up to 30%. The mean numbers of eggs oviposited daily by female of C. capitata were 12.7 eggs/female/day in the females exposed to the extract derived from branches of A. indica in dichloromethane and also, 21.5 eggs/female/ day in the females exposed to the extract derived from leaves of A. indica in methanol. Di Ilio et al (1999) , in a study using 3 pairs of C. capitata adults per each replication, stated that the fecundity rate was 461.4 eggs/replicate in the control group, 279.7 eggs/replicate in the group applying 1 μL neem, 98.2 eggs/replicate in the group applying 5 μL neem and 1.2 eggs/replicate in the group applying 10 μL neem. Khan et al (2007) applied a commercial preparation and leaf dust of neem on the adults of Bactrocera cucurbitae (Coquillett) and B. dorsalis (Hendel) (Diptera: Tephritidae) to determine the effect on the longevity, fecundity and ovarian development of these pests. The results of this study showed that the degradation in the fecundity rates was due to the prevention of ovarian development and lifespans were decreased in a high proportion according to the control in both species.
The age-specific fecundity rates (m x ) of apterous adult females on plants exposed to neem at different concentrations were described by the Enkegaard regression model (Figure 3 ).
The coefficient of determination (R²) value was used as the suitability criteria of the Enkegaard regression model to obtained data (Kontodimas et al 2004) . Enkegaard regression model of the data obtained from the individuals exposed to neem at 1000 mg L -1 concentration (R²= 0.2402) set out of the age-specific fecundity rate (m x ) did not show coherence. It is observed that Enkegaard regression models were more compatibility for the data obtained from the other groups (Figure 3 ).
It is thought that this situation was due to low and variable fecundity rate and short lifespan of the individuals exposed to neem at 1000 mg L -1 concentration, as compared to that of other groups (Kontodimas et al 2007) . In addition to this, the Enkegaard regression models showed that the fecundity rates decreased with the increasing application concentrations and times after applications. The highest fecundity rates in all experimental groups were observed in the first 7 days (Figure 3) . Ta 
Life table parameters
Intrinsic rate of increase (r m ), net reproductive rate (R 0 ), mean generation time (T 0 ), theoretical population-doubling time (T 2 ), gross reproduction rate (GRR) and finite rate of increase (λ) values are seen in Table 3 . Based on the results, it is possible to say that the individuals of M. persicae showed less breeding with increasing concentration of neem.
In a study performed by Barati et al (2013) on the effect of some botanical insecticides on Bemisia tabaci, net reproductive rate (R 0 ), intrinsic rate of increase (r m ), mean generation time (T 0 ), theoretical 
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population-doubling time (T 2 ) and finite rate of increase (λ) values were determined as 8.23 female/ female, 0.090 female/female/day, 23.50 day, 7.56 day and 1.094 individual/female/day, respectively. Also it was declared that neem extracts have a high impact on the life table parameters of B. tabaci and they can be used in the scope of integrated pest management against this pest.
The statistical analysis practiced on the pseudor mj values of the intrinsic rate of increases (r m ) computed on the data obtained from the individuals of Myzus persicae exposed to different neem concentrations shows that the intrinsic rate of increases (r m ) are located in the different statistical groups and the intrinsic rate of increases (r m ) of the individuals were decreased with the increase in exposed neem concentration (Figure 4 ).
Meanwhile, a high correlation [R² ( r m, dose) = 0.97] was also found between the amount of concentration and the intrinsic rate of increase (r m ) in consequence of the linear regression analysis performed on the data of the individuals exposed to different neem concentrations. As for that the formula [r m = -0.0766*Concentration+0.431] given by this correlation (P<0.01), the increase of neem concentration applied to the root of pepper plants has led to a decrease in the intrinsic rate (r m ) of M. persicae individuals (Figure 4) .
A study by dos Santos et al (2004) exhibited the effect of neem at 23.8, 122.0, 410.0 and 1410.0 mg.100 mL‫¹-‬ concentrations on the survival rate and fecundity of Aphis gossypii Glover (Hemiptera: Aphididae). The results of this study indicated that nymphal mortalities at the highest two concentrations of neem reached up to 60% and 100%. Net reproductive rate (R 0 ) of the individuals in the control group was defined as 35 female/ female/offspring. Also, this value was decreased with the increase of neem concentration and reduced down to zero.
Root uptake of neem
Neem taken up by pepper root can be transported in the vascular system systemic and translaminar (Pavela et al 2004; Souza & Vendramim 2005; Hossain et al In a study performed by Barati et al (2013) on the effect of some botanical insecticides on Bemisia tabaci, net reproductive rate (R0), intrinsic rate of increase (rm), mean generation time (T0), theoretical population-doubling time (T2) and finite rate of increase (λ) values were determined as 8.23 female/female, 0.090 female/female/day, 23.50 day, 7.56 day and 1.094 individual/female/day, respectively. Also it was declared that neem extracts have a high impact on the life table parameters of B. tabaci and they can be used in the scope of integrated pest management against this pest.
The statistical analysis practiced on the pseudo-rmj values of the intrinsic rate of increases (rm) computed on the data obtained from the individuals of Myzus persicae exposed to different neem concentrations shows that the intrinsic rate of increases (rm) are located in the different statistical groups and the intrinsic rate of increases (rm) of the individuals were decreased with the increase in exposed neem concentration (Figure 4) . Meanwhile, a high correlation [R²(rm, dose)= 0.97] was also found between the amount of concentration and the intrinsic rate of increase (rm) in consequence of the linear regression analysis performed on the data of the individuals exposed to different neem concentrations. As for that the formula [rm = -0.0766*Concentration+0.431] given by this correlation (P<0.01), the increase of neem concentration applied to the root of pepper plants has led to a decrease in the intrinsic rate (rm) of M. persicae individuals (Figure 4) . A study by dos Santos et al (2004) exhibited the effect of neem at 23.8, 122.0, 410.0 and 1410.0 mg.100 ml‫¹-‬ concentrations on the survival rate and fecundity of Aphis gossypii Glover (Hemiptera: Aphididae). The results of this study indicated that nymphal mortalities at the highest two concentrations of neem reached up to 60% and 100%. Net reproductive rate (R0) of the individuals in the control group was defined as 35 female/female/offspring. Also, this value was decreased with the increase of neem concentration and reduced down to zero.
Neem taken up by pepper root can be transported in the vascular system systemic and translaminar (Pavela et al 2004; Souza & Vendramim 2005; Hossain et al 2008; Coelho Junior & Deschamps 2014) . Pavela et al (2004) performed soil application of neem at low concentrations to the root system of rape Pavela et al (2004) performed soil application of neem at low concentrations to the root system of rape plant (Brassica napus subsp. napus) and explored its systemic effect on the mortality, development time, longevity and fecundity of Brevicoryne brassicae L. (Hemiptera: Aphididae). According to the results of the study, nymphal mortality of the pest, especially during the molting periods, was raised significantly with increasing concentrations. Neem has not any effect on the development time of nymphs. Longevity of adults and wasted time for feeding were decreased with increasing concentrations. It is also observed that fecundity rate of the aphid was reduced after the neem applications. Hossain et al (2008) examined the impact of neem applied to the root system of tomato plants on Liriomyza sativae (Diptera: Agromyzidae). In the study, 0.75, 1.50, 2.25 and 3.00 g L -1 concentrations of NeemAzal ® -U preparation were used. Fecundity and hatching rates were influenced slightly at all concentrations of neem, but larval mortality was affected significantly systemically by neem at 3.00 g L -1 concentration.
Meanwhile, it is know that neem has a phytotoxic effect on some plants (Walter 1999; Xuan et al 2004; Girish & Shankara Bhat 2008; Soto et al 2010; Esparza-Díaz et al 2010; Saha et al 2011) . Also in this present study, phytotoxic symptoms in the form of necrotic spots were seen on the leaves of plants exposed to 750 and 1000 mg L -1 concentrations of neem.
Conclusions
Based on the results of the present study, neem can be transported systemically, and soil application thereof has an effect on some biological characteristics of the aphid, Myzus persicae. Development times in the pre-adult stages were extended as exposed neem concentration was increased. Longevity, however, was decreased inversely with increasing concentration. Additionally, a decrease in the mean daily and total number of offspring laid by females of the pest was observed. On the other hand, azadirachtin-A as the most important compound of neem is highly sensitive to sunlight (Bajwa & Ahmad 2012) and as well as neem was identified to have adverse effect on some parasitoids (Lowery & Isman 1995; Simmonds et al 2002; Lyons et al 2003; Saber et al 2004; Cóndor-Golec 2007; Abedi et al 2014) . When considered from this point of view, applying of neem to the plant root zone was understood to provide also an advantage. This last point should also receive attention because it is important to have data in saving parasitoids against applications of neem. Finally, it can be said that applying of neem extracts systemically through plant root systems will provide an important advantage in controlling the sucking pests, like M. persicae, in agroecosystems performing integrated pest management.
Abbreviations and Symbols a, b, c
Model coefficients
The age-specific survival rate m The probability of survival at x age F (x) The probability of fecundity at x age
